Methodology:
The test was conducted for two different road conditions, tarmac and dirt roads. 24 HAV exposure was measured using a Brüel & Kjaer Type 3649 vibration analyzer, which is 25 capable of recording HAV exposures from steering wheels. The data was analyzed using I-kaz 26
Vibro to determine the HAV values in relation to varying speeds of a truck and to determine the 27 degree of data scattering for HAV data signals. 
Introduction 43 44
Moving vehicles produce noise and vibrations that cause discomfort to drivers and passengers. 45
There are many sources of this noise and vibrations, such as the engine, wind, chassis, and road-46 tire interaction. Vibration causes excitation of the chassis structure, which is transmitted via 47 mechanical vibrations into the driver's compartment, where it can be felt as vehicle interior 48 vibrations in the seat, steering wheel, and/or body floor 1) . Hand-arm vibration (HAV) is the 49 vibration received by hands that are in direct contact with the surfaces of vibrating parts, such as 50 steering wheels, and hand tools that produce vibrations, such as hand drills, chain saws, and 51 grinders. Exposure to vibration from a vehicle depends on several factors, such as the type and 52 design of the vehicle, speed, and environmental conditions. There are some physical variables 53 relevant to the effects of hand-transmitted vibration, such as magnitude, frequency, direction of 54 vibration, duration of exposure, area of contact with vibration, contact force (grip and push 55 forces), hand posture, and environment 2) . 56 57 HAV has been recognized as a significant hazard for the health and safety of workers. HAV 58 syndrome (HAVS) is a general term embracing various kinds of health issues, including vascular 59 disorders generally known as -vibration-induced white finger‖ (VWF). It causes impaired blood 60 circulation and blanching of affected fingers and parts of the hand, neurological and 61 musculoskeletal damage leading to numbness and tingling in the fingers and hands, reduced grip 62 strength and dexterity, and reduced sensitivity both of touch and to temperature. Aström et al. upper limbs between professional drivers of terrain vehicles and a referent group. It was foundthat the drivers experienced some symptoms related to HAVS, such as numbness, a sensation of 66 cold fingers, and blanching of the fingers, suggesting that there is a possible association between 67 exposure to HAV generated from steering wheels in terrain vehicles and symptoms of HAVS. 68
The drivers also experienced musculoskeletal symptoms in the neck, shoulders, and wrist. The 69 results also suggested a relationship between symptoms and exposure time, especially for the 70 musculoskeletal symptoms. In Malaysia, periodic medical examinations for workers using 71 vibratory tools are not performed routinely because there is no provision under the national 72 legislative framework. Workers are not aware of the risks of vibration hazards, and there is no 73 safety training in relation to HAV 4) . 74
75
Various studies on HAV model development have been conducted by many researchers in order 76 to estimate or predict HAV exposure via steering wheels. Rakheja et al. 5) developed linear and 77 nonlinear hand-arm vibration models using optimization and linearization techniques. Three-and 78 four-degree-of-freedom (DOF) linear, piecewise linear, and nonlinear HAV models were 79 formulated and analyzed to yield impedance characteristics in the 5 to 1,000 Hz frequency range. 80 A local equivalent linearization algorithm, based upon the principle of energy similarity, was 81 implemented to simulate the nonlinear HAV models. The HAV models were then utilized to 82 study the vibration characteristics of hand-tool systems such as mechanical impedance and the 83 ratio of driving force to the resulting velocity measured at the driving point. The majority of the 84 HAV models invariably comprised linear and time-invariant inertial restoring and dissipative 85 elements that do not represent the biomechanical properties of human hands and arms. This may 86 be attributed to complexities in identifying the properties of human hands and arms and the 87 associated non-linearities. Kazi et al. 6) developed hand-arm mechanical models to investigate the 88 biodynamic response characteristics in two-and three-DOF human hand-arm systems. 89
Assessment of the biomechanical models was conducted to understand the modal deflection 90 patterns of the human hand-arm system. The deflection patterns due to masses in the hand, 91 forearm, and upper-arm, corresponding to different modes of vibration, were analyzed in terms 92 of the vibration behaviour of the hand and arm. Based on the results of their study, it was 93 concluded that there was not much difference in displacement when the signal was applied in 94 different models and the frequency domain was the same. . For these studies, only tarmac roads were used as the test site. Therefore, differences in 108 VDV due to different road surfaces could not be studied by them. 
Statistical Analysis Using Integrated Kurtosis-Based Algorithm for Z-Notch Filter 113
Technique Vibro (I-kaz Vibro) 114
115
In this study, the I-kaz Vibro method was used to assist the signal analysis interpretation task. I-116 kaz Vibro was extended from the original I-kaz TM to suit collected raw data and different types of 117 experiments 10) . I-kaz Vibro is used to measure the spread of data distribution by calculating the 118 distance of each centroid signal from the raw data. This technique produces a graphical 119 representation of the frequency distribution of the measured signal in each axis in addition to 120 producing a value for Z v ∞ . The data dispersion and diffusion space can be observed in the I-kaz 121 Vibro display, with higher values corresponding to a wider dispersion of data. This process will 122 produce a 3D graphical representation of time domain signals measuring the acceleration, 123 velocity, and displacement on the frequency distribution of the x-, y-, and z-axes, respectively. 124
125
To measure the scattering of the data distribution, the variances (σ 2 ) for each axis, which are 2 , 126 2 , and 2 , are calculated, as shown in Eq. (1). The variance determines the average 127 magnitude of deviation instantaneous points with respect to the mean value. The variance for N 128 data points is mathematically defined as 129 
137 12) that risk measurement error can be reduced 169 by repeating measurements at least three times. The present study employed the same approach, 170 with each HAV measurement repeated at least three times for each speed and different road type. 171
All of the tests were performed for seven different trucks (Table 1) , an approximation was made in this study to associate 192 the z-axis acceleration time history as the dominant axis so that HAV could be monitored for this 193 type of vehicle. 194
195
The values of tangential acceleration for the steering wheel were calculated using the following 196 equations after the signal was digitally filtered with a frequency weighting factor (w hi ). The RMS 197 frequency weighted acceleration (a hwz ) was calculated as follows: 198 
where T is the total daily duration of exposure in s to the exposure a hwz and T o is the reference 214 duration of 8 h (28 800 s). exposed to HAV in terms of an exposure action value (EAV) and exposure limit value (ELV) 233 associated with 8 h of daily exposure, in addition to requiring employers to reduce worker 234 vibration exposure levels wherever it is practically possible. A previous study on MalaysianArmed Forces (MAF) tactical vehicles by Aziz et al. 18) found that HAV is high in the driver's 236 hands when the vehicle being driven is in the idle position, with the HAV value exceeding the 237 EAV of 2.5 ms -2 . This occurs because vibration from the engine and vehicle, which is very high 238 during the idle phase, is directly transferred to the steering wheel. Overall, the level of HAV did 239 not exceed the ELV, which is 5 ms -2 . Studies conducted by Aziz et al. 1, 13, 18) proved that all the 240 drivers they tested felt uncomfortable with the vibration generated by the different types of tested 241 vehicles. 242
4.

Results and Discussion
243
The A(8) was selected for comparison with the standards stipulated by EU Directive 2002/44/EC. 244 Table 1 shows that A(8) for the drivers exceeded the EAV, which is 2.5 ms -2 , when the vehicle 245 was moving on the tarmac and dirt roads, respectively. For the tarmac road, the A(8) did not 246 exceed the exposure limit, which is 5 ms -2 . On the other hand, for the dirt road, the A(8) was as 247 high as 38.82 ms -2 when traveling at 30 kmh -1 , which is higher than the exposure limit. 248
Significant differences in vibration exposure across the two types of roads were also found. In 249 general, driving on the dirt road resulted in the highest HAV exposures, while driving on the 250 tarmac road resulted in lower exposures. The tarmac road had a flat, smooth surface and 251 occasional unevenness, which resulted in minimum disturbances. The dirt road was an unpaved 252 road made from subgrade materials and had many random irregularities that produced excessive 253 casual vibrations. Expression of the vibration measures in 8 h equivalent values revealed that 254 driving on most of the road segments resulted in vibration levels above the ELV. There were 255 clear vibration exposure differences between the two vehicles when the road types were 256 compared. For the dirt road, the trucks' exposures were above the EAV (2.5 ms -2 ) and ELV (5 257 ms -2 ), while for the tarmac road, only the EAV was exceeded. As shown in Table 1 This dirt road was an unpaved road made from subgrade materials and had many random 318 irregularities that produced excessive casual vibrations. In comparison, the tarmac road was a flat, 319 smooth surface with occasional unevenness, which resulted in minimum disturbances 7) . 320 321 In order to test the accuracy of the HAV exposure prediction model developed in this study, 334 seven experimental sets from different three-tonne trucks were tested. This test was conducted to 335 evaluate the capability of the developed regression model to predict HAV exposure from a 336 steering wheel. The predicted HAV exposure was obtained using the developed equations. 337 Figure 4 shows the scatter diagrams of the predicted versus measured HAV exposures, with R 2 338 being 84.1%. An R 2 of 100% is considered to be the best fit, whereas any value above 70% is 339 considered to be a good correlation between variables. Furthermore, the graph fits very well, and 340 the correlations between the predicted and measured HAV exposures follow the 45° line closely. The interaction between road surfaces and truck tires has a major effect on the vibration 352
